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SYX’HESIS OF DIHYDRUXY-TERMINATED 
POLY(2,2,3,3,j,3-HEXAFLLrOROPE~TASE-1,5- 

DIOL FORMAL) 

This invention &at= to fluoropolymers and more 
particularly to dihydroxy-terminated poIy(2,2,3,3,4,4- 
hexafluoropcntane- 1 &ii01 formal). 

The c~p~lymcrization of diols with formaldehyde 
has in the past kn accomplished by a number of 
mans, Ufiginally, the must common method employed 
was acid transformylation of the dial with a dtikyl 
foti. Usually, the acid catalyst was p-toluamulfonic 
tid (see f. W. Hiir and W. H. Carother Amer. Chem. 
SE., 57,925 (1935); F. D. Trkchkr and J. ISollander, J 
PO~~TIL Sci. A-l, 5, 2343 (1967))- ‘this procedure, how- 
ever, rqti& high tcmpenrure anb COrksta$ removal 
of the alcohol byproduct in order to drive the reaction 
forward to good yield. 

Subsequcnt~y, forznation of poiyfonnals has been 
achieved by reaction of the dial with formaldehyde 
either in the form of paraformaldehyde or in the form of 
trioxane. The procedures &a called for reactions to 
take place at high temperature, in a water immiscible 
solvent, and in the presence of an acid catalyst. Water 
byproduct formed during the polycondensation process 
was also required to be removed by azcotropic distilla- 

p’ tion in order to drive the ration forward to good 
--.-+ titld. (See W. J. Jackson, Jr., and f. R. Caldwell, ACS 

Ldv. Chcm Ser. 34, 200 (1982); F. I>. Trischler and J. 
Jollander, J. Polym. Sci. A-l, 5, 2343 (1967)). 

Alternatively, synthesis of polLformals has been car- 
ried out by acid catalyzed ring opening polymerization 
of the preformed cyclic formal. This method, by its 
nature, obviates the n& for high temperature reactions 
and continuous removal of condensation products since 
none exist. (Set J. Furukawa and K. Tada in “kinetics 
and Mechanisms of PoIymcriAon”, Vole 2, K Frisch 
& S. Recycn &., M. Decker, New York, 1969, pgm 
159fr) 

The objtxt polyformal has kn previously synthe- 
sized using all three of the aforementioned methods. 
(see Fe D. TriscMcr and J. Hollander, J. Poivm. Sci. 
,+I. 5. 2343 (1967); P. Johncock, Brit. pat. Yo. 
1294657.) However, aI1 of these procedures suffer from 
deficiencies which the present invention was designed 
to overcome. The transforinylation procedure requires 
high temperatures and facility for continuous removal 
of the aJcoho1 product. There is no molecular weight 
control, the yields obtained were abysmally low, and 
the polvmer terminal groups were nonfunctional hydro- s 
car’bon. The condensation procedure using trioxane also 
requires high temperature reactions and continuous 
removal of the condensation byproduct. There is aho 

no rnokcu1ar weight control with this procedure. In 
fact, polymers produced using this prxedure are 

61L 
merely oiigomeric. and are no&table for curing in 
many appl icatiOns. As well. the ultimate conversion 
held) attained fc?r this procedure is well below those 
obtained using the procedure of the present invention. 

The ring opening polymerization technique em- 
ployed previously to produce the object polyformai 
wercame the dericiencles presented by the condensa- 

2 
tion technique but nonetheless preenred others which 
the present invention was designed IO overcome. First, 
no molecular weis@ control over rhe r~ultant pol>*mer 
was exercised. Second, sophisticared hiah vacuum tech- 
niques had to be employed in order to introduce small 
amounts of PFJ catalyst. In cases where metallic Lewis 
acid catalysts were employed, high purity solvents free 
of nucleophik cont;uninants had to be prepared for the 
introduction of precise amounts of ca?dyst solution. In 
addition, no precautions were taken to ensure that hy- 
droxyl bir”unctionality was retained. 

SUMMARY OF THE INVENTION 

Accordin@y, an object of this invention is to provide 
a new method of preparing dihydroxy-terminated pu- 
ly(2,53,3,4,~hexanuoropentantl l,Sdiol formal). 

Another object of this invention is to provide a 
method of producing dihydroxy-terminated po- 
ly(2,2,3,3,4,4-hexafluoropenme- 1,5dioI formal) with 
~10% cantrol over the number average molecular 
weight (Mn). 

A fmher object of this invention is to provide 3 
method of producing dihydroxy-terminated po- 
lY(2 ,2,3,3,4,4 ghexafluoropentane- 1 $dioI formal) such 
that the polymer is functionally terminated on both ends 
with hydroxy &roups. 

Yet another object of this invention is to provide a 
method of prchcing &Ivdroxy-terminated po- 
ly(2,2,3,3,4,4-hexafluoropentan& 1,5dioI formal) in 
high yield. 

A still further object of this invention is to provide an 
economical method of producing dihydroxy-terminated 
poly(2,2,3,3,4.4-hexafluoropentane- Wdiol formal). 

Thtse and other objects of this invention are accom 
plished by providing a method of producing dihydroxy- 
terminated poIy(2,2, 3,3,4,4-hexafluoropentane-1,5-diol 
formal) of a desited number average molecular weight 
by controlling the relative amdunts of 1,3-dioia- 
5,5,6,6,7,7-hexafluorocycIooctane monomer, 
2,2,3,J,4,4=hexafluoropenme- 1 ,Mioi, and the catalyst 
trifluoromethane sulfonic acid (having a determined 
activity) used to produce the polymer. 

DETAZLED DESCRIPTIOS OF THE 
PREFERRED EMBODIME%T 

The process of this invention provides means for 
producing dihydroxy-terminated poiy12,~.3,3,4.~hexa- 
fluorooentane-1,Sdiol formal) of 3 seiecred number- 
averaie molecular weight, M,. Trifluoromethane sul- 
fonic (triflic) acid. CF:,SU:H, is used to catalvze the I 
cationic ring opening polymerization of I ,%dioxa- 
5.5,6.6.7,7-hexafluorocvclooctanc into dihvdroxy-ter- 
minated poiv(2.?.j:j,?,Chexanuoropentane- 15dial 
formal). The inikarion srep may be represented as 

0 CF: 
\ ./ 

CH:-CF: 

Propagation ~~11’ be represenred 3s 

cl-i :-CF: 
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O-CH2 
/ \ 

CH' 7F2 

0 
\ 

CF2 
/ 

. The numk-average molecular weight, (MB), of the 
dih ydroxy-terminated po1 y( 2,2,3,3,4,4-hexafluoropcn- 
tane-1,5dioI format) decrw as the number of poly- 
mcr chains initiated is increased for a given qu&Iltity of 
1,3dioxa=5,5,6,6,7,7lhcxafluorocylooctane monomer 
(n m*fio*J* The numixr of palymer chains initiated is 
directly proportional to the prtiuct of the number of 
mok of trifluor~mcthant sulfonic acid (II& and the 
activity of the acid (A). Thus, as (&jdXA)/IIm~~~~k 
dqreased, the number-average molecular weight (MJ 
of the polymer pruduced till increase. However, the 
time rquircd for completion of the reaction also in- 
cxws and scu practical limits on how IOW (Qcjd- 
XA)/nmonomcr should be and thus what the numkr 
average molecular weight can bt. In Example 2, dihy- 
droxy-terminated poly(2,2,3,3,4,4-htxafluaropentanc- 
Gdiol formal) having a measured number average 
modular weight of 21,ooO was obtained in a 62 percent 
yieid by using trifSuoromethane sulfonic acid with an 
active acid strength of 

Dihydroxyterminated poly(2,2,3,3,4,6)rexanuoro- 
penraneA5diol forrnai) polymers of lower number- 
average mokcular weights (i.e., lower than 21,000] are 
useful as prepoiymers for polymer formulations. For 
instance, thw polymers in the number-average molecu- 
lar weight range of a’o9ut Loo0 to about 4,ooO are usefui 
as prepblymers in stable energetic explosive and propel- 
lant formulations. 

]By incrtaring the active acid strength of the tri- 
fluoromcthanc sulfonic acid catalyst (tiCid x A)/nnrp 
nbm~), the M, of the dihydroxy-terminated po- 
ly(2,2,3,3,4,4,-hcxafiuoropcntaac-1,5dioI formal) and 
the radon time can kth k reduced. However, scv- 
cfax practical considerations limit how far this approach 
can be carried. First, trifluoromtthane suifonic acid is 
expensive and would have to be recovered from the 
reaction mixture. Second, higher concentrations of the 
acid catalyst increase side reactions, resulting in lower 
yklds and lower purity of products. [Note, it is irnprac- 
tical to adjust the activity, A, of trifluoromethane SUL 
fonic acid; thtrcforc, the active acid strength of the acid 
adyst, (&tidX N/n monomer, is adjusted by cha~~@~g 
the molar ratio of acid to monomer (~CJd/nmonom~&] 

In the present procm the strength of trifiuoromt- 
thane sulfonic acid, (npCidx A)/nmanomen used is sekted 
to provide a reasonable reactiun time with a minimum 
of side reaction. Ranges of (noC& A)/nrrronomerare from 
0 CKFQ to 0 03% preferablv from 0.0075 to 0.0250, and e l c 

more preferably from O.Olb to 0.0150. Yote that like 
the activity (A), (na,idX A)/nmonome~ is a dimensionless 
number. 

In order to achieve a lower number average molecu- 
lar weight dihydroxy-terminated poly(2,2,3,3,4+hexa- 
fluoropenrane- 1,5-&l formal) polymer or prepulymer, 
a precix amount of 2,2,3,3,3,&hexafluoropentane- lt5- 
dioi is added to the 1.3dioxa-5,5.6,6.f,‘;-hexanuorocy- 
clooctant monomer prior to the addition of the acid 
cam&St. The 22,3,3,4,&hexafluoropentane- 1,5diol 
functions ti a chain transfer agent by reeeneratine a 
hvdroaen ion H-r as it adds on to a poiv&r chain and 
tfAinLF& it: 

I 
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Number-average molecular weight control is 
achieved by dissolving prtdetcrmined amounts 
f,~3,3,4,-frcxaflrroropcntanc- 1,5diol in phdcrcrmintd 
amounts of the 1,3dioxa-5,5,6,6,7,7-hexafluorocyc~~- 
tax monomer kfore a predctcrmintd amOUnt of tri- 
fluarumetha.ne sulfonic acid Gtalyst is added. The rela- 
tive amounts of t&e ingredients arc formulated ac- 
cording to the formda 

wherein 
(‘I) an is the target number-average molecular weight 
(2) a4 -is the. activity of the trifluoromerhanc &- 

fork acid batch, 
(3) b?mmrr - -the number of moles of f,3dioxa- 

5,5,6,6,7,7-hcxafluor~~c~~~e used, 
(4) k~=molc~ of trifluaromethanc sulfonic acid 

xktcd to provide an acid catalyst strength (II&- 
.4)/nmonomer in the d&red range, 

(5) ndjo/ is the number of rml~c of the 2,2,3,3,4+htxa- 
fluoropentanc-1,5diol to be used as cakuIated from the 
equation, 

(6) MmbnbmCr is the molecular weight (= 224) of 1,3- 
dioxa-5,5,6,6,7,7kxafluorocy&otcane and Mdiof is the 
mokcular weight ( = 2 12) of 2,2,3,3,4,~~exafluoropenl 
tane~IJdiol. Nute thx the strength of the acid used 
(&ti)(A)/nmononrrr sets the upper limit on the number- 
average molecukr weight of the polymer and that the 
dioi is added to reduce the number-average mokcuk 
weight to a desired value below this maximum. 

Trifluoromerhane sulfonic acid is extrcmejy reactive 
and may dsrease in activity with age or in the presence 
of minor impurities. Therefore the activity of each 
batch of the trifluoromethane being used musr be deter- 
mined. 

The activity of the batch of trifluoromethane sulfonic 
acid to be used is determined by the ring+enin~ poiy- 
merizatioi~ of n mOnOmcr mob of the dried 1,34ioxa- 
5,5,6,6,7,7-hexafluor~ycloocranc monomer (M.W. 
224) in the presence of r&]d mok of the trifluorome- 
thane sulfonic acid as catalgt. The activity of a given 
batch of acid ‘does not vary significantly with tempera- 
ture. particularly over the range of 5U’ C. to 7Q’ C. The 
acriviry (A) of the trifluoromethane sulfonic acid is 

here TLo, 1s the number average molecular weight 
z&served or determlned for the actuaf product pro- 
duced by rhe rex~~on. &, may be: determined by XI> 
;urwentuxA method such 3s gel permeation chroma- 

following for- 

15 

20 

25 

30 

35 

so 

45 

50 

55 

60 

05 

wherein nmonmer is the number af moIes of 1,340x+ 
5,2,6,6,7,7=h~xaflu~rocy~l~t~ monomer, ad Gridis 
the n~~~~bcr of moles of trifluoromtthanc sulfonic acid 
used in the reaction. The m~lecufar weight of 1,3ldioxa- 
5,5,6,6,7,7-htxafluorocyclooctane (Mmonomcr) is XX. 

Note that it is critical that both the l,Miox- 
a5,5,6,6,7,7-hexafluoracyc~o~~e monomer and the 
pofyfluorinated diol be dry and free of water. Water 
will luwer the activity of the trifluoromethane sulfonic 
acid and interfere with the polymerization of the mono- 
mer. 

The 22,3,3,4,4-hcxanuoropentane- 1,54iol is dis- 
shed in the 1,3,dioxa-5,5,6,6,7,7-hcxafluorocyclooc- 
tane rnonomcr prior to the addition of the trifluorome- 
thanc sulfonk acid catalyst. The acid catiyst is added 
in a way which avoids 10&y high concentrations of 
the acid, In examples 2 through 5, the trifluoromethane 
sulfatic acid catalyst was added slowly with continuous 
stirring of the dial/monomer reaction mixture. The 
sting was continued after addition of the catalyst until 
reaction was completed. Conventional methods of add- 
ing polymerized catalysts should be used to prevent 
high local concentration of the cataiyst in industrial 
scale processing. 

The fedon temperature is not an @crmt factor 
in determining the molecular weight of the product 
polymers and prcpolymcrs. However, because of the 
limited volubility of 2,2,3,3,4,4-hcxafluoro~nrane- I$- 
dial in the 1,3dioxa5.5,6,6,7,7-hexafluorocvclooctane 
monomer at low temperauues, the lower reaction tem- 
perature limit is preferablv 50” C-. more preferabk 55” 
C. and most preferably &out 60’ C. ,4 temperature of 
55’ C. will provide suffkient solubility for most appiica- 
tions ana a temperature of at leai 6-O’ C. 41 provide 
sufficient solubility for the entire polymer or prepoly- 
mer number average weight range. The reaction tem- 
perature is limited at the upper end of the range by 
practical considerations such as the volatititics or boil- 
ing points of the reactants. Pn general little is to be 
_aaineO by running the reaction at a temperature above 
70’ C. .A preferred upper limit is 45’ C. with about 6U’ 
C. being most preferred. 

Upon completion of the reaction. rhe product is 
washed with a mixture of aqueuus hydroger! peroxide. 
strong base ( 10% XaOH. KOH. etc.), and brine (N&I 
or KCl). This procedure destroy and removes the xi- 
fluoromethane suifonic acid catalyst. fn addition, the 
acme polymer end gruup~ which did ?ICI xx: with the 
19 - - C*I.2.C 1 - l.the.rafluoropentane- 1 .i-dioi react with waser 
ro form forrrtal. end eraups which are then deiormylated 
by pemide kg., &O:) and base to brm a hyho?;~ 
end group: 
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As illusuarcd by cxamplcs 3, 4, and 5, Ms practss 
works well in pr&uci.ng dihydroxy-terminated ~4’ 
ly(2,2,3,3,4,ehcxafluaro~~~e.l,S-dial formal) poly- 
mcrs and prcpoIymtrs of d&cd molecular weights. 
The measured number-average molecular weights in 
these examples were only off by. about 5 to 10 pcrcenr 
from the c&uiated ,or predicted number-averas mo- 
1ecuIar weights. Moreover, the dispersirits (MJM,) for 
exampIe 3, 4, and 5 were 2.2, 1.98, and 2.14 rtspce 
tively. 

4 

The generaI nature of the invmtion having been Stt 
forth, the folowing examples are prexntcd az~ specific 
illustmiions thereof. It WU be understood that the in- 
vention is not limited to thy specific e~ples but is 
swtptiblt to vtious modifications that wilt be rccog- 
nizcd by cnt af ordinary skill in the art. 

Example 1 illustrate a method for preparing the 
cyclic monomer starting material. 

EXAMPLE 1 
(Prior An) 

1,3dioxa-S,5,6,6,?,7-hexafluorocyclooctane 
3 18.13 g of 2,2,3,3,4,Q-htxafluoropcntanc- 1 ,Miof 

(MI mo1) and 48.29 g of paraformaldehydc (1.61 mo1) 
were placed in a 3L 3,neck flask fitted with a thcrmom- 
ettr and mechanical stirrer. 1200 mL of dichlorometh- 
ant were added, and the sluw was stirred vigorously. 
The intemd temperature was 20’ C. 127,4 mL (216.1 g, 
1.M mol) of trifluorometha+ne sulfonic acid was added 
rapidly; the t’emperarure dropped to 18’ C., then rose to 
23’ C., then slowly dropped again. After 2 hours stir- 
ring 800 mL of ice-water were added, the mixture was 
stirred 30 min., and the layers were separated. The 
aqueous layer was washed with 200 mL of dichloro- 
methane, and the combined dichloromethant Iayers 
were washfred with 2x500 mL of 5% KOH solution. 
After drying (MgSOa) and filtering, the dichloiometh- 
ane was distilled off at atmospheric pressure to a bath 
temperature of 150’ C,, using a Vigreux column to facil- 
itate separation from the product* The crude product 
was transferred to a smaller round bottom flask and was 
vacuum distilled through a Vigreux column into an 
ice-cooled receiver: b.p. 65* C. at = 12 Torr. A forerun 
of about 50 ,e was collected which contained abaut 2% 
of trioxane by NMR. The main fraction weighed 2,393 
g. About 5 ,e of mat&a1 was distilled from the forerun 
through a Xgreux column in L*acuo; this contained 
most of the tnoxane. The pot residue was combined 
with the main fraction to give 23-C g (84.6%) of pure 
producr: m.p. X-25” C.; density = 1 .W g/cm? 

The original aqueous phase was extracted with ether; 
the KOH solution was acidified and also extracted with 
ether. Work-up gave 16.5 g of recovered dial. The pot 
&due from the vacuum distillation (polymeric mate- 
rial) weighed 10.7 g; 0.7 g was recovered from a dr)?-ice 
trap which was used in the distillation. The total 
amount of recovered material, including the trioxane 
rich fraction, was 32.9 g, currqonding to about tO% 
of the diol us&. 

Example 2 illustrates a method for determining the 
a&@ of the trifluoromttbne sulfonic acid. 

EXAMPLE 2 

Dihydroxy-terminated 
Poly(2,2,3,3,4,4-hex&lanuoropcntane- 1 Jdioi formal) 
To 1.71 g (7.63 mmolt) of previously distilled and 

dried (sieves) 1,3dioxa-5,5,6,6,7,7-hexafluorocycl~- 
tane were added 40pL (0.452 mmole) trifluoramerhane 
sulfonic acid with stirring at room temperature (22’ C.). 
The reaction mixture was allowed to stand at room 
temperature for 4 hours in the stoppered reaction vessel. 
The vkcous polymer was then dissolved in 3 ml of 
CH2Cl2 which were added to the reaction mixture. The 
trifluoromcthane sulfonic acid was neutralized with 
triethyl amine. Volatilcs were pumped off under high 
vacuum at 115’ for 12 hours. Recovered polymer 
weighed 1.06 g (62%). Xumber average molezu!ar 
weight (&) was measured to be 21ooO. weight average 
mo&ular weigh@,) was measured to be 3600. 
%,/M, = 1.2. (Molecular weight measurements were 
made by _eel permeation chromato_eraph (WC).) Calcu- 
lated M R = 378 1. Trifluoromethane sulfonic acid activ- 
ity (A) was 0.18. 

EXAMPLE 3 
Dihydroxy-terminated 

PoIy(2.2,3,3,4,4-hexrafluoropentane- 1 Sdiol formal) 
200 mg (0943 mmole) of 2,2,3,3,4,4-hexafiuoropen- 

tane-1,Miol (dried) were dissolved into 2.80 g (12.50 
mmole) of distilled and dried (sieves) 1.3-d&a- 
5,5.6.6,7,7-hexafluorocyclooctane at 60” C. To this solu- 
tion. $O.LL (0.W mm&) wifluotomethane suifonic acid 
were added with stirring. The reaction mixture was 
allowed to stand in a stoppered flask at 60’ c. for 36 hours 
at which time 30 ml of dichloroethane were then added 
co dissoive the mixture. TYne soiution was washed tGce 
with 5 ml of 2Occ Hz@ -20 m! of 10% aqueous SaOE 

‘T ml uf brine and twice -&r with brine. The dichioroeth- 
sne solution ivas filtered through ~Whatman IPS filter 
paper rrnci the bulk of the solvent removed by rotary 
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f-f 
evaporation. The residue was subjected to high vacuum 
it 150’ C. for several hours to remove unreacted mono- 
mer. Recovered polvmer weighed 2.2 g (74%). 
M,‘= 3an .LI,= 6800: M,/%, g2.2. M, (calculated) 
=2713* 

practiced otherwise than as specifically described 
herein. 

We claim: 

EXAMPLE 4 

Dihydtoxy-terminated 
Poly(Z23,3,4,~hcxafluoropcntanc- 1 ,SdioI formal) 
750 mg (3.538 mmoIe) of 2,;?3,3,4,4-hexafluoropen- 

tam-1,5diol, (dried) were dissolved into 7.90 g (35.27 
mm&) of distikd, dried (sieves) 1,3-dioxa-5,5,6,6,7,7- 
hexafluor~yclooctane at 60’ C. To this solution were 
added 75/A (0.848 mole) tifluoromethmc sulfa& 
acid whik stirring. The stoppertd remion mixture was 
allowed to stand at 60’ C. fur 24 buurs. Molecular 
weight measurments were then perfmmd on the 
crude material excluding unreacted monomer. M, 
=mQ, iaw ---Mm, MA& z 1.98. Mn (dculatcd) 
=2340. 

EdXAMPLE 5 
Dihydyoxy-terminated 

Poly(2,2,3,3,4,4=hcxafl~oropentane-Vdiol formal) 
2.8 g (13.21 mmolt of 2,2,3,3,4,4,-hetiuoropcntane- 

1Jdiol (dried) were dissolved into 39.9 g (176.79 
mnole) of 1,3dioxa-5,5,6,6,7,7-hexafluorocyclooctanc 
at 60’ C. We stirring I.0 ml (I 1.307 Illmole) Of ti- 
fluoromcthanc sulfonk acid was added in 1UOpL 110 
cremcnts over the period af 1 hour. The stoppered 

m reaction mixture was then allowed to stand at 60’ C. for 
?4 hours, after which time 250 ml dichluroethanc were 

ided to dissolve the mass. The solution was thtn 
wished ticc with 30 ml of 30% Hz02 t 115 ml if 10% 
aqueous NaOH + 123 ml of brine and twice with brine. 
The dichloroethmt solutim was then passed through 
Whatman IPS filter paper and most of the solvent wa 
removed by rotary evapration. The residue was sub- 
j-ted to high vacuum at MU’ C. for several hours. 
Recovered polymer wekhed 26.95 g (72.5%), 
&=3100, M,=7000, M&=2.14 by WC. an (al- 
culated) -2800. Equivaknt weight (g of polymer per 
OH group) was measured by a nuclear magnetic reso- 
nance spectrometric technique to be 1537. Therefore, 
the hydroxyi functionality (f) is 2.02. 

’ 

Obviously, numerous modification and variations of 
the present invention. are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended ckims the inventian may be 

10 

1. ,4 process for producing a dihydroxy-terminated 
5 p61y(2.2,3.3.4,4-hexanuoropentane- I.5dial formal) of a 

target numerical number-average molecular weight RR, 
comprising: 

a 

b. 

C* 

d. 

e. 

f. 

2. 

3. 

4. 

5. 
at a 

6. 
at a 

7. 
at a 

S&&I~ Qcjd XXI&S of trifluoromethane sulfonic 
acid having an activity of A as a catalyst; 
forming a reaction mktWc Of nmonomer mOlfS Of 
1,3~ioxa-S,5,6,6,7,7-hexafluuroc~cl~tanc mono- 
IIIC~ and mio/ ~OICS of &Z&3,3,4,4,-hcxafluoropen- 
tam-l&ii01 wherein mio/ is 4cuIate-d from the 
formula 

wherein M,,,,,, is the molecular weight of 1,3- 
dioxa-5,5,6,6,7,7-htxafluorocycktanc, MdiOl is 
the molecular weight of 2,2,3,3,4,4-hexafluoropen- 
tam-t,Sdial, and wherein RR, nmanontcr, nacJd, and 
A are as defined above; 
dispersing the trifluoromethant sulfonic acid cata- 
1~s~ into the monomer/dioI reaction mixture in a 
manner which avoids localized concentrations of 
tilt catiyst; 
allowing the polymerization reaction to prmced to 
completim: 
washing the reaction mikurt witi an aqueous basic 
pcroxidt salution; and 
isolating the product dihydroxy-terminated po- 
fy(2,2,3,3,4+hcxafIuoropentane- 1,Sdiol formal). 
The praeess of chim 1 whefcin 

aam 5 (nw¶ ,hu- is 0.0250 
The process of claim 3 wherein 

O.O1OO~(no~~~A)/~mortom~~~U.O1~O 
The process of claim 1 wherein the reaction is run 
temperature in the range of from 50’ C. to 70’ C. 
The process of claim 5 wherein the reaction is run 
temperature of from 55’ C. to 65” C. 
The proce~ of claim 5 wherein the reaction is run 
temperature of about 60” C 
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